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SPLAYED TN CONFIGURATION STABILITY IN DOMAIN-DIVIDED 
TN MODE 

KEN-ICHI TAKATORI, KEN SUMIYOSHI 
Functional Devices Research Laboratories, 
NEC Corporation, 4-1-1, Miyazaki, Miyamae-ku, Kawasaki, 
Kanagawa, 216, Japan 

Abstract 
In the domain-divided TN mode for a wide-viewing-angle 
LCD, the LC directors are arranged in the splayed-TN 
configuration by mismatching the pretilt directions on 
both substrates. For this mismatched pretilt 
alignment, the splayed TN configuration and the 

is shown that the reversely-twisted TN is more stable 
than the splayed TN in the high voltage range. The 
splayed TN stability proved to be evaluated by the 
balanced voltage, defined as voltage at which LC bulk 
energy becomes equal for two configurations in a 
simulation or voltage at which the boundary between two 
configurations is fixed in an experiment. Narrow 
twist angle, short chiral pitch and low pretilt angles 
raise the balanced voltage, i.e., stabilize the splayed 
TN configuration. 

reversely-twisted TN configuration are possible. It 

INTRODUCTION 

The domain-divided Twisted Nematic Liquid Crystal Displays, 
the domain-divided TN LCDslt2 (to avoid misunderstanding, 
the word "multi-domain TN" is used instead of "domain- 
divided TN" in this manuscript), are now attractive devices 
for improving a contrast angular dependence for 
conventional TN LCDs. In this multi-domain TN, each pixel 
has two or more director configuration domains, where 
individual pretilt directions differ. Such a 
configuration averages the conventional TN transmittances 
in various directions and therefore shows a good opto- 
electric characteristic in a wide viewing angle range. 
Nevertheless, this multi-domain TN LCD adds the fabrication 
process. 
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Some new structures314t5 having a splayed TN 
configuration have been proposed to reduce the number of 
additional process. In these structures, the pretilt 
directions on both substrates are mismatched. Moreover, a 
pretilt angle on the top substrate is not generally equal 
to that on the bottom one. While a matched pretilt 
alignment causes only conventional TN configuration, shown 
in Figure 1 (a), this mismatched pretilt alignment causes 
two possible configurations: one is the splayed TN 
configuration and the other is a reversely-twisted TN 
configuration. In the splayed TN, shown in Figure 1 (b), 
LC directors twist towards a chiral dopant sense, but the 
pretilt directions on both substrates don’t agree with each 
other. On the contrary, in this configuration, shown in 
Figure 1 (c), the directors twist against the chiral dopant 
sense, but the pretilt directions on both substrates agree 
with each other. The splayed TN configuration in the 
multi-domain TN is observed to be easily deformed into the 
reversely-twisted TN configuration. 

FIGURE 1 LC director configurations for (a) TN, (b) 

splayed TN and (c) reversely-twisted TN. The 
arrows represent the rubbing directions. 
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SPLAYED TN STABILITY IN MULTI-DOMAIN TN [2379]1447 

In the present work, the stability of the splayed TN 
configuration was studied with simulations and experiments. 

DOMAIN STABILITY SIMULATION IN SPLAYED TN 

First, the splayed TN cell was examined by simulations as a 
simple model to use in investigating the domain stability. 

Simulation method 
The Frank free energies on the one-dimensional electrical 
field system6 were calculated for the two configurations, 
the splayed TN (Figure 1 (b)) and the reversely-twisted TN 
(Figure 1 (c)) . From the calculation results, the LC bulk 
elastic energies for two types are compared. 

Figure 2 shows an example of the calculated energies 
f o r  the splayed TN pretilted asymmetrically on the top and 
bottom substrates: chiral pitch ( po ) =50pm, twist 

n 
(I) 

FIGURE 2 

Applied voltage [V]  

An example of calculated LC bulk energies 
for two configurations as a function of applied 
voltage. In the calculation, values were set at 
po=50pn ,  @=loo", BT=l. 5" and BB=3.  0'. 
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angle ( @ )  = l o o o ,  top pretilt angle ( BT) =l. 5' and bottom 
pretilt angle ( 8,) =3.0"  were set. Those energies are 

normalized by the d/Kll and dimensionless, where d [pm] is 
the cell gap and K,, [N] is the Frank splay elastic 
con st ant. When the voltage is low, the splayed TN, 
represented by the solid line has lower energy than the 
reversely-twisted TN, represented by the dashed line. 
However, two bulk energies cross at about 4V: the energy 
inversion occurs at that voltage, which the authors call 
balanced voltage V,. 

80 85 90 95 100 
Twist angle Q, ["I 

3 The balanced voltage in the simulation as a 
function of twist angle and chiral pitch with 
BT=1. 5" and 8,=3.0°. 

Effective parameters in enerqy inversion 
The following parameters were examined in the simulation: 
the cell gap(d) , the twist angle(@), the chiral pitch(p,) 
and the pretilt angles( BT and B B ) .  Based on the 

calculation results, it has been clarified that the cell 

gap doesn't affect the energy inversion. In contrast to 
this, other parameters do affect it. 

Figure 3 shows the balanced voltages obtained by the 
simulation as a function of twist angle and chiral pitch 
for the splayed TN pretilted asymmetrically with 8,=1.5" 
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0.5 1 1.5 2 2.5 3 3.5 4 4.5 
Bottom pretilt angle 86 ["I 

Figure 4 The balanced voltage in the simulation as a 
function of top and bottom pretilt angles with 
p0=50~m, @=goo.  

and 8,=3.0". When @=100" and p0=200ym, the splayed TN has 

lower energy than the reversely-twisted TN from 1.4V to 
2.3V. As Figure 3 indicates, the shorter chiral pitch and 
the narrower twist angle stabilize the splayed TN 
configuration. 

Figure 4 shows the balanced voltages on the simulation 
as a function of pretilt angles(8, and 8,) with @=90° and 
po =5 0 pm . Figure 4 indicates that lower pretilt angle on 
either substrate stabilizes the splayed TN configuration. 

DOMAIN-DIVIDED TN STABILITY EVALUATION FROM EXPERIMENTS 

In this section, first we describe the domain stability 
measurement method. 

Transition observation & LC confiquration identification 
The instruments, shown in Figure 5, were used to observe 
the domain transition. The polarizing microscope (1) is 
used for the conventional crossed-Nicols or parallel-Nicols 
observation and for getting conoscopic figures. 
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1 
Monitor I 

I 1  n : I  I PC! i 
1 

FIGURE 5 The instrument used for domain transition 
observation. 

LS:Light source, CL:Condenser lens, P:Polarizer, 
SP:Sample, OL:Objective, A:Analyzer, BL:Bertrand 
lens, Ph:Pin holes, HM:Half mirror, RL:Reference 
light, Sh:Shutter, PM:Photo-multiplier, 
CN:Controller, WG:Arbitrary wave generator, 
PC:Personal computer 

To find the LC director alignment, transmittance was 
measured with the photo-multiplier unit (2) by shifting pin 
holes (Ph) on the conoscopic figure. These pin holes 
sizes are from 0.lmm to 3mm and the corresponding spot 
sizes on the sample surface are from 2pm to 750pm. 

Transmittance was measured on the multi-domain TN 
sample having the C-TN configuration4, in which the domains 
consist of the TN configuration (Domain 1) and the splayed 
TN (Domain 2 )  , Domain size is 137pm high X 116pm wide. 
Figure 6 shows transmittance measurement examples on the 
conoscopic figure for this C-TN sample, where the sample 
surface spot  size is 17 .5pm in diameter. The horizontal 
axis represents the applied voltage and the vertical axis 
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SPLAYED TN STABILITY IN MULTI-DOMAIN TN (23831145 1 

represents the normalized transmittance on a logarithm 
scale. Figure 7 shows the measuring point geometry, where 
the transmittance is measured at each hatched circle, 
located at a center and at the 35' zenith points on the 
conoscopic figure. In the voltage range, from OV to 7V, 

all transmittances varied smoothly. The transmittances 
measured at up and down spots similarly depend on applied 
voltage, and so do the transmittances measured at right and 

0 2 4 6 0 10 
Applied voltage [V] 

FIGURE 6 Transmittance as a function of applied 
voltage and measured position on the conoscopic 
figure . 

left spots. The corresponding mid-plane LC director 
configuration for this result is shown in Figure 8 (a). 
In this configuration, Domain 1 is the conventional TN 
structure, shown in Figure 1 (a), and Domain 2 is the 
splayed TN structure, shown in Figure 1 (b). 
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Domain 2 

RIGHT 

D W A A  RIGHT hL LEFT 

Domain 1 8 8.--- 

UP 
90 

LEFT 180 0 -Zenith angle 

270 
DOWN 

Figure 7 Measured points, represented by hatched 
circles on the conoscopic figure 

The central position transmittance drops suddenly at 
about 1.4V, as shown in Figure 6. The domain transition 
occurs at this voltage, which the authors name as the 
transition voltage. At this voltage, the transmittances 

for up and right-hand spots rise sharply. In contrast, 

Figure 8 The possible mid-plane LC configurations t o p  
views (a) Before transition (b) After transition 
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the transmittance for left-hand spot drops suddenly. 
These phenomena are explained quit well by assuming in 
Domain 2 the transition from the splayed TN configuration 
to that of the reversely-twisted TN occurs at this 
transition voltage. Figure 8 shows the corresponding mid- 
plane LC director configuration (a) before the transition 
and (b) after the transition. The symmetrical structure 
(Figure 8 (a)) has changed to the asymmetrical structure 
(Figure 8 (b)) . Based on these results, we conclude that 
the domain after transition is a reversely-twisted domain. 

Definition of the balanced voltaqe in the experiment 
The transition voltage v, is the experimentally obtained 
voltage at which the domain transition occurs, but this 

FIGURE 9 Various domain equilibrium states 
photographs for the C-TN, in the crossed-Nicols 
observation 
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voltage differs from the previously mentioned balanced 
voltage in the simulation. The transition occurs only 
when the sufficient total energy difference exists to cause 
a sudden transformation. Therefore, the transition 
voltage is always higher than the balanced voltage. At 
the balanced voltage boundary between the splayed TN domain 
and the reversely-twisted domain doesn't move to either 
side, because the two energies are exactly the same. 
Furthermore, in the voltage range lower than the balanced 
voltage, the transition never occurs spontaneously without 
some other external field, such as the lateral field7 or 
the pressure. 

Figure 9 shows photographs of the various fixed 
boundaries between the splayed TN domain and the reversely- 
twisted TN domain for the same C-TN sample as previous one 
under the crossed-Nicols observation. The LC directors 
are represented by the nails, whose heads point towards the 
observer from the paper plane. The arcs with arrowheads 
around the nails represent the LC director twist sense. 
The boundaries, marked with crosses, are fixed at (a) 3.24V, 
(b) 3.65V, (c) 4.12V and (d) 4.60V, respectively. In the 
experiment, the boundaries are affected by neighboring 
domains and walls. On the other hand, in the simulation 
the balanced voltage is obtained from one-dimensional 
system and not affected by neighborhood. The neighborhood 
effects in the experiment cause the different volatges, at 
which the boundaries are fixed, correspond to the boundary 
states shown in Figure 9. However, all voltages obtained 
from Figure 9 show same dependency on the twist angle and 
the chiral pitch. We defined the voltage of the state, 
shown in Figure 9 (b), as the balanced voltage in the 
experiment for further investigations. 

Comparison with the simulation 
Figure 10 shows the balanced voltage in the experiment as a 
function of the chiral pitch and the twist angle for the C- 

TN sample. The pretilt angles, measured by the crystal 
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80 85 90 95 100 
Twist angle a, ["I 

Figure 10 Balanced voltage in the experiment, as a 
function of twist angle and chiral pitch 

rotation method, were about 1.0' for the top substrate and 
about 6.0' for the bottom substrate. These balanced 
voltage data are the average values for three cells and the 
difference between cells is less than 20.03V. As the 
figure indicates, the shorter chiral pitch and the narrower 
twist angle stabilize the splayed TN configuration. This 
result qualitatively agrees with the simulation result, 
shown in Figure 3. The domain stability can be evaluated 
with this balanced voltage. 

APPLICATION 

In the device application, contrast ratio should be 
considered in addition to the domain staljility. Based on 
the energy simulation and transmittance simulation8, the 
condition was found wherein both high contrast ratio and 
the domain stability are satisfied. D
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Contrast ratio with stable domains 
Figure 11 shows the chiral pitch and the twist angle effect 
on the contrast ratio plotted against applied voltage for 
the splayed TN. The pretilt angles are set to the same 
values as those in the previous simulation. As the figure 
indicates, the longer chiral pitch and the wider twist 
angle lowered the voltage for high contrast ratio. This 
tendency preferable for the contrast ratio is quite 
opposite to that preferable for the stable domains. In 

c 1 ” I I I I 

1 

Applied voltage [V]  

FIGURE 11 Chiral pitch and the twist angle effect on 
the contrast ratio versus voltage curves for the 
splayed TN in the simulation. 

contrast to this, the effects of the pretilt angle for the 
contrast ratio and for the stable domains show the same 
tendency. 

The authors further investigate the condition where the 
highest contrast ratio and stable domains are achieved. 
Figure 12 shows the contour diagram for the highest 
contrast ratio with stable domains as a function of chiral 
pitch and twist angle. From this figure, the contrast 
ratio over 100 is obtained in the region with shorter 
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I I I 
I I I 
I I I 

80 , 
20 50 100 150 200 

Chiral pitch [pm) 

FIGURE 12 Contour diagram for the highest contrast ratio 
with stable domains as a function of chiral pitch and 
twist angle in the simulation. 

chiral pitch than about lOOpm and wider twist angle than 
about 88'. This area varies with the pretilt angle and 
lower pretilt angles widen this area. 

CONCLUSION 

The splayed TN configuration stability in the multi-domain 
TN cell was investigated by both simulations and 
experiments. The configuration after transition proved to 
be the reversely-twisted TN configuration, from a 

transmittance measurement on the conoscopic figure, The 
splayed TN stability proved to be evaluated by the balanced 
voltage, which refers to (1) the voltage at which the same 
LC bul'k energy for two possible configurations occurs in 
the simulation and (2) the voltage at which the boundary 
between splayed TN and reversely-twisted TN in t h e  
experiment is fixed. Narrower twist angle, shorter chiral 
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pitch and lower pretilt angles raise the balanced voltage, 
i.e., stabilize splayed TN configuration. Furthermore, 
the conditions to obtain a high contrast ratio with stable 
domains are discussed. 
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